The main purpose of this study was the model fitting of data deriving from a three-year experiment with barley malt. Two linear models were considered: a fixed linear model with fixed effects of years and other factors, and a mixed linear model with random effects of years and fixed effects of other factors. Two cultivars of brewing barley, Sebastian and Mauritia, six methods of nitrogen fertilization and four germination times were analyzed. Three quantitative traits were observed: practical extractivity of the malt, malting productivity, and a quality coefficient Q. The starting point for the statistical analyses was the available experimental material, which consisted of barley grain samples destined for malting. The analyses were performed over a series of years with respect to fixed or random effects of years. Due to the strong differentiation of the years of the study and some significant interactions of factors with years, annual analyses were also carried out.
Introduction
The choice of an experimental design suitable for the research material is an important issue when modeling data from an experiment repeated in a given locality for several years. The analysis of such a series usually uses a mixed linear model, in which it is necessary to determine the type of individual effects (fixed or random). Fixed effects represent the levels of a set of precise hypotheses of interest in the research. They are the only levels about which one would want to make inferences. In the case of random effects the levels that are chosen represent a random selection from a much larger population of equally usable levels. The recognition of certain effects as fixed and others as random affects the properties and shape of the model's variance and covariance structure, and thus the method of statistical analysis.
There are many reports in the literature in which the modeling of data from experiments is considered. Many statistical methods, such as one-or multivariable analysis of variance and others for various experimental projects, have been discussed (see e.g. Caliński, 1967; Caliński et al., 2006; Bocianowski and Nowosad, 2015; Mejza, 1999; Ambroży and Mejza, 2012) .
In this study, in view of the subject of research, which was brewery barley malts, a one-step approach was used. A four-way completely randomized (CR) design was used for a series of experiments over three years, and a three-way CR design was used in one-year experiments. More on the choice of model for the experiment can be found in section 3. In section 2 the biological aspects of the experiment are described.
Material and methods
The experimental material consisted of barley grain originating from a field experiment performed in the years [2008] [2009] [2010] , at the Agricultural Research Station in Pawłowice near Wrocław (51°09′ N, 17°06′ E), prepared for processing in a malt-house. This experiment was conducted in a split-block design (in three blocks) with two factors: methods of nitrogen fertilization with doses of (kg N• ha -1 ) 0, 20, 40, 60, 60 (40+20I), 60 (40+20II); and the cultivars Sebastian and Mauritia. Nitrogen fertilization was applied preplant and top-dressing (divided doses) at two stages of growth: I -at the end of tillering (BBCH29), and II -at the second node stage (BBCH32). The grain was fractionated by means of Vogel screens, and contaminations and damaged grains were removed. After a period of dormancy, grain with fractions of >2.5 mm was used to produce 3-, 4-, 5-and 6-day Pilsner-type malts under laboratory conditions (third factor). From the malts, congress worts were obtained. The results of the analysis were compared with standard values recommended by the EBC (European Brewing Convention). Evaluation of agrotechnical influence was performed with the use of the Kolbach index, a synthetic factor of protein compound conversion in grain, malts and worts (see Błażewicz and Liszewski, 2003; Błażewicz et al., 2007 Błażewicz et al., , 2011 Błażewicz et al., , 2013 Liszewski et al., 2012) . Weather conditions play a significant role in the analysis of the experiment. These are presented in Table 1 . A detailed description of the weather conditions in the individual years of this study (2008) (2009) (2010) was given by Liszewski et al. (2012) . Thus, we assume for simplicity that we have three factors: nitrogen fertilization (A), cultivars (B) and germination time (C). The study considered their influence on the practical extractivity of the malt, the malting productivity, and a quality factor Q. The chemical analysis for each sample of the treatment combination ABC of the factors from each year of research was performed three times.
The aim of this paper is to present a comprehensive statistical analysis, taking into account the three experimental factors A, B, C and the years of research. Our attention is focused primarily on the study of the effect of malt germination time, and the interaction of that factor with cultivars, fertilization and years, on the aforementioned variables. It should be noted that those variables, i.e. the extractivity (% d.m.) and the malting productivity (% d.m.) calculated from it, represent continuous data and are expressed in percentages to show concentrations of extract of malt and its productivity in relation to dry matter of grain. Such concentrations should not, as a rule, be subjected to any transformation to equalize the variance (see LeClerg et al., 1962) . The quality factor Q, in turn, is the weighted sum of classes of quality parameters of malt (extractivity and others). It usually attains real values on a scale from 1 (the worst) to 9 (the best); see e.g. Błażewicz et al. (2007) .
The statistical analyses, such as analysis of variance and Tukey's HSD test for comparing pairs of means, were performed for the series of years with respect to fixed or random effects of years. Due to the strong differentiation of the years and significant interactions of the factors with years, annual analyses were also carried out. Calculations were performed mainly using the STATISTICA 13 software package.
Data modeling and statistical analysis
Having regard to the available experimental material, we considered the models of data for a four-factor complete randomized (CR) design with fixed or random effects of years, and a three-factor CR design in annual analyses. We have Model I -fixed model with fixed effects of years and all factors;
Model II -mixed model with random effects of years and fixed effects of all factors. Model II is more applicable in multi-years experiments. However, in applications Model I is often used. In both cases the models have the same formula
where  is the fixed general mean,  ( = 1,2, … , ) is the fixed or random effect of the i-th year,  ( = 1,2, … , ),  ( = 1,2, … , ),  ( = 1,2, … , ) are the fixed effects of factors A, B, C, and other interaction effects are fixed or random accordingly.
The calculation technique is the same for both models. The difference lies in the assessment of the individual components of variance, and above all in the interpretation of the results and conclusions (see e.g. Elandt, 1964) . Practical ways to determine the test functions F are given in section 4.
After removing in both models the effects of years and the effects of interactions with years, we obtain one model which was used in the annual analyses.
In all of these models the effects of factors A, B, C and all their interaction effects are fixed. Specific cultivars, specific nitrogen fertilization methods and specific germination times are tested. The difference in inference is related to the years. Assuming Model I, we limit inference from the experiment to specific years of research from 2008 to 2010; more precisely, to the environmental conditions occurring in those years. It is worth noting that in practice, researchers are usually interested in selected environments in the analysed years.
In the second model, we assume that among all possible years (whose number is finite) there occur those corresponding to the distribution of meteorological conditions in [2008] [2009] [2010] . Then the years of research may represent a random-like representation (sample) of the entire sequence of possible years (see e.g. Caliński, 1967) . Table 2 presents the results of four-way analysis of variance for each variable separately, for both Model I and Model II. It is worth recalling that the Error given in Table 2 for each variable is a pooled error of three respective errors from Table  6 , referring to the analysis of one-year experiments.
Results and discussion
The test function F-M I refers to the analysis of Model I (fixed effects of years). It is calculated in the traditional way, by dividing the mean squares (MS) for a given source of variation and for Error. The test function F-M II refers to the analysis of Model II (random effects of years). It is calculated by dividing the mean squares (MS) for a given source of variation and for the corresponding interaction with the years. ** -significant at p < 0.01, * -significant at p < 0.05
In Tables 3-5 we describe particular analyses based on Tukey's HSD test, presenting a grouping of the means of the considered traits in the years of the study. Since the interactions of the factors with years are significant, we also present annual analyses for the considered traits separately, including ANOVA (Table 6) and Tukey's HSD test results for selected groups of means (Tables 7 and 8 ).
Following the general and particular analyses, we present below the most important conclusions. 3. We may conclude that failure to reject the general hypothesis for the cultivars means that there are no significant differences between Sebastian and Mauritia in terms of the extractivity mean for all possible years (Model II) or for only the years of the study (Model I -see table 4). 5. Due to the interaction of nitrogen fertilization with years, one-year models were considered. In not all years of the study, fertilization was significant (Table 7) . Total 143 ** -significant at p < 0.01, * -significant at p < 0.05 these cultivars with respect to productivity mean.
3. There a highly significant interaction of the germination time of malt with years ( = 0.01) was found (see Table 2 ). We may conclude that in all possible years, the number of days of malt germination differently affects the malting productivity. Tukey's test (see table 5) showed at a significance level of  = 0.01 that 6-day malts (regardless of other factors) had a significantly higher productivity mean than some others.
For the Q coefficient:
1. Under Model I, all general hypotheses at the level of  = 0.01 were rejected (see table 2 ).
2. The Tukey's test showed at a level of  = 0.01 (see table 3) significant differences between the mean Q coefficient for years, regardless of other factors. In the study years the significantly lowest mean value of Q (4.31%) was in 2010 (cv = 10.44%), and the significantly highest mean (7.05%) in 3. There is a significant interaction of cultivars with years at the level  = 0.01 (see Table 4 ). The cultivars did not respond equally to the changing weather conditions in each year of the study. Under Model I, it was shown that the mean Q coefficient for each of the tested cultivars changed significantly depending on the year of the study. The lowest was in 2010, and the highest in 2009.
4. Under Model I only, Tukey's test showed (see Table 5 ) that the significantly different mean Q coefficient was obtained for 3-day malt, regardless of other factors, than for 6-day malt.
5. Under Model I only, considering the interaction of the cultivars and germination time, it was shown that for both Mauritia and Sebastian the 3-day malts had the significantly lowest mean Q value, and the 6-day-old malts the highest. Under Model II, non-rejection of the hypothesis relating to germination time means that there are no significant differences between germination time in terms of the mean values of the quality coefficient from all possible years, not only the years of the study.
Conclusion
1. We focused on two models with malt observation in four-way experiments, in which fixed or random effects of years were taken into account.
2. The choice of the model depends on the available experimental material and the extent to which conclusions can be formulated.
3. Adopting the model with random effects of years in the analysis of the experiment, we obtain a broader perspective in inference than with the model limiting the conclusions to the years of the study.
4.
The results of the analysis show that the most decisive factor for the qualitative characteristics of grain and malts is the weather conditions for all possible years. In the years of the study, 2010 had the least favorable conditions for obtaining grain and malts with good parameters, while 2009 had the best.
5. Extending the germination time of the grain to 6 days contributes to an increase in the value of the Q coefficient in all possible years.
6. In the years of the study, the Sebastian cultivar had a lower mean value of the Q coefficient than the Mauritia cultivar.
